Introduction. Severe obstetric complications increase with the number of previous cesarean deliveries. In the Nordic countries most women have two children. We present the risk of severe obstetric complications at the delivery following a first elective or emergency cesarean and the risk by intended mode of second delivery. Material and methods. A two-year population-based data collection of severe maternal complications in women with two deliveries in the Nordic countries (n = 213 518). Denominators were retrieved from the national medical birth registers. Results. Of 35 450 first cesarean deliveries (17%), 75% were emergency and 25% elective. Severe complications at second delivery were more frequent in women with a first cesarean than with a first vaginal delivery, and rates of abnormally invasive placenta, uterine rupture and severe postpartum hemorrhage were higher after a first elective than after a first emergency cesarean delivery [relative risk (RR) 4.1, 95% confidence intervals (CI) 2.0-8.1; RR 1.8, 95% CI 1.3-2.5; RR 2.3, 95% CI 1.5-3.5, respectively]. A first cesarean was associated with up to 97% of severe complications in the second pregnancy. Induction of labor was associated with an increased risk of uterine rupture and severe hemorrhage. Conclusion. Elective repeat cesarean can prevent complete uterine rupture at the second delivery, whereas the risk of severe obstetric hemorrhage, abnormally invasive placenta and peripartum hysterectomy is unchanged by the intended mode of second delivery in women with a first cesarean. Women with a first elective vs. an emergency cesarean have an increased risk of severe complications in the second pregnancy.
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Introduction
Today, cesarean section is accepted as a fairly safe procedure, and the overall rates of cesarean section complications in the USA have decreased during the last decade (1) . However, compared with vaginal delivery, cesarean section is associated with increased risks not only of short-term maternal complications such as infections, surgical injury, hemorrhage/transfusion and hysterectomy, but also of long-term maternal complications such as adhesion development, and complications in subsequent pregnancies such as uterine rupture, abruption, abnormal placentation and hysterectomy (2) (3) (4) (5) (6) (7) . Despite these wellknown risks, the global rates of cesarean section have risen in the last decades (1990-2014) (8) . In the Nordic countries, the mean rate has increased 4.5% (2-10%) since the mid 1990s ( Figure 1 ) and in 2014, cesarean section constituted about 17% of all Nordic deliveries (8, 9) . Women with a previous cesarean delivery represent 10% of the Nordic births and there is a strong tradition for recommending intended vaginal delivery after one previous cesarean (10) . The well-documented risk, especially of uterine rupture, in women with previous cesarean has brought into question whether intended vaginal delivery after cesarean is safe compared with elective repeat cesarean (11) . In some parts of the world, the fear of complications has led to a decreased practice of intended vaginal delivery after previous cesarean, resulting in rising rates of repeated cesarean section (12) (13) (14) .
In the Nordic countries, most women have more than one child, with a total fertility rate just below 2 for more than four decades in all countries except Iceland (9). The aim of this study was to assess the risk of severe complications, including peripartum hysterectomy, abnormally invasive placenta, complete uterine rupture and severe hemorrhage, at the delivery following a first vaginal or cesarean delivery, a first elective or emergency cesarean section, and to estimate the risk by intended mode of the second delivery in women with a first cesarean delivery.
Material and methods
This study is a population-based case-cohort study based on results from the Nordic Obstetric Surveillance Study (NOSS), described previously (10, 15, 16) . In short, the NOSS study collected data prospectively on cases of complete uterine rupture, abnormally invasive placenta, peripartum hysterectomy, and severe blood loss in the Nordic countries during two years between 2009 and 2012 (years varying between countries). The total number of maternities during the same time periods, as registered in each country's medical birth register, made up the cohort base. Information on cases was prospectively collected directly from the delivery units in each country, and completeness of number of cases was sought by retrospective validation of International Classification of Diseases (ICD-10) codes from the national medical birth registers. Each country selected the most commonly used ICD-10 codes at a national level to reflect local practice and obtain the best validity. Specificity was ensured by a combination of register data and clinical records (10) . The NOSS study included 91% (n = 605 362) of all Nordic deliveries during the study period (10) . In the present study, however, Iceland was not included (n = 9540) due to missing information on several important variables, leaving a total of 595 822 deliveries from Denmark, Finland, Norway and Sweden.
In this study, we included women who had their second delivery during the NOSS study period (n = 213 518). The main outcomes of interest were peripartum hysterectomy, abnormally invasive placenta, complete uterine rupture, and severe hemorrhage at delivery at the second delivery. We analyzed outcomes by mode of first delivery (cesarean vs. vaginal delivery, and elective vs. emergency cesarean section), and intended mode of the second delivery including induction of labor. Peripartum hysterectomy was defined as any emergency hysterectomy performed within seven days of delivery, excluding malignant indications. Complete uterine rupture was defined as tearing of the peritoneum, myometrium and fetal membranes. Abnormally invasive placenta was defined when placenta was assessed as accrete, increte or percrete either at cesarean section or at vaginal delivery
Key Message
Women with first cesarean deliveries have an increased risk of severe complications in the second pregnancy. Repeated cesarean decreases the risk; however, the best way to decrease the risk, is to keep the rate of first cesareans to a minimum. associated with blood transfusion within 48 h of delivery. Severe hemorrhage at delivery was defined as blood loss resulting in red blood cell transfusion with six or more units, within a week after delivery. Information on intended mode of delivery was available from the specific data collection forms and, if missing, intended vaginal delivery was defined as all vaginal and emergency cesarean deliveries and all cases with reported labor induction; intended cesarean section was defined as all cases of elective cesarean deliveries with absence of labor induction. In controls, intended mode of delivery was defined as above. The NCSP (NOMESCO Classification of Surgical Procedures) codes were used to group cesarean deliveries into emergency (MCA10A, MCA10D, MCA10E, MCA12, MCA12A, MCA12B) or elective cesarean deliveries (MCA10B, MCA10C, MCA11), except in Norway where information on planned cesarean before delivery, and cesarean performed as emergency or elective is given by check boxes (Yes/No). In 787 women (3%) information about the type of first cesarean delivery was either missing or unspecific.
Other variables of interest (all related to the second pregnancy/delivery) were maternal age (<35 years and ≥35 years), pre-pregnant body mass index (BMI, <25, 25-29, ≥30), gestational age (<37 weeks, 37-41 weeks, ≥42 weeks), and multiple gestations (twins or more). Sweden did not provide information on severe hemorrhage or type of first cesarean section. Otherwise, all information on maternal complications was available from Denmark, Finland, Norway, and Sweden. To estimate the general risk of having one or more of the severe complications, we used the population-based cumulative incidence of hemorrhage from Denmark, Finland, and Norway to calculate the expected number of women with hemorrhage in the Swedish population. This number was added to the total number of severe complications.
Characteristics of the Nordic birth cohort during the study period have been described previously (10, 15, 16) . Rates and risks presented in this paper may differ from previously published figures, as women with missing information on parity were excluded, and only women with one previous delivery were included. Also, the Danish Medical Birth Register was revised and re-organized during the study period, resulting in 566 more maternities in the last data delivery than in the first (<0.01% of all Danish deliveries).
Ethical approval and/or the permission to use confidential health data in this study were obtained in each country according to national legislation. In Denmark, the study was approved by the Danish Data Protection Agency, in Finland by the Ministry of Social Affairs and Health, in Sweden by the Central Ethical Board for Medical Research and in Norway by the Regional Ethical committee.
Statistical analyses
Rates of abnormally invasive placenta, peripartum hysterectomy, uterine rupture and severe hemorrhage at delivery were given per 10 000 deliveries. Relative risks (RR) were calculated by unconditional multivariable logistic regression, using 'proc genmod' in SAS (SAS Institute, Cary, NC, USA), and presented with 95% confidence intervals (CI). Calculations were based on complete data only. The association of a first cesarean delivery and intended mode of second delivery with severe complications in second delivery (excluding abnormally invasive placenta) was adjusted for possibly confounding factors in the second pregnancy such as maternal age, BMI, and multiple gestations. As intended mode of second delivery and labor induction in women with intended vaginal delivery in second delivery can both be affected by mode of first delivery (cesarean or vaginal), they may be intermediate variables between mode of first delivery and severe complications at the second delivery. Since adjustment for intermediate variables is not unproblematic, we did stratified analyses by intended mode of delivery and labor induction (17) . Data for the primary cesarean section was only available in aggregated form and therefore adjustment for confounding factors was not possible. The population attributable fraction (PAF) represents the proportion of cases for each complication in the entire study that could be attributed to a first cesarean section. The level of significance was set at a probability value of p < 0.05. Analyses were performed with SAS Enterprise Guide 7.1 (SAS Institute).
Results
A total of 595 822 deliveries from Denmark, Finland, Norway, and Sweden were included in the present study; 3103 women with missing information on parity (0.5%) were excluded. Of 213 518 women with a second delivery during the NOSS study period, 17% had a first cesarean (n = 35 450). Data on the type of the first cesarean was available from Denmark, Finland, and Norway (n = 26 434); 19 831 (75%) had an emergency and 6603 (25%) an elective cesarean delivery. In women with a first cesarean, 24 366 (69%) attempted vaginal delivery in the second pregnancy, with a success rate of 64%. Maternal characteristics at the second pregnancy by mode of first delivery and intended mode of second delivery are available in Table 1 . Women with a first cesarean were, in their second pregnancy, more often 35 years or older, had a higher BMI and were more often delivered by elective cesarean compared with women with a first vaginal delivery. Maternal characteristics at second delivery (maternal age, BMI, gestational age, multiple pregnancy, mode of delivery, and labor induction) are shown by complication in Supporting Information Table S1 .
Peripartum hysterectomy, uterine rupture, abnormally invasive placenta and/or severe hemorrhage were reported in 454 women, of whom 351 had a first cesarean delivery; of those, 305 intended vaginal delivery at the second delivery and 46 had elective repeat cesarean. When estimating the expected number of women with severe hemorrhage in the Swedish population from the cumulative incidence from Denmark, Finland, and Norway, as described in Material and methods, severe complications at the second delivery would occur in approximately 0.2% of women the general population, in 1.1% of women with a first cesarean delivery, in 1.3% of women with intended vaginal delivery of the second birth after first cesarean, and in 0.5% of women with elective repeat cesarean. If all women with a first cesarean delivery had an elective repeat cesarean, then -as a rough estimate -50% of the severe maternal complications in a second pregnancy could be prevented.
Among women with complications, 80% had one and 20% had two or three complications at the second delivery (data not shown). Complete uterine rupture was the most common complication (n = 250, 11.7/10 000 deliveries), followed by severe hemorrhage at delivery (n = 155, 10.4/10 000 deliveries), abnormally invasive placenta (n = 81, 3.8/10 000 deliveries), and peripartum hysterectomy (n = 64, 3.0/10 000 deliveries). Uterine rupture was complicated with severe hemorrhage in 10% of the cases and 4% of the women with uterine rupture had a hysterectomy. Abnormally invasive placenta was complicated with severe hemorrhage in 36% of the cases and 33% had a hysterectomy. A majority (72%) of all reported cases of severe hemorrhages were not related to uterine rupture or abnormally invasive placenta, and 14% had a hysterectomy. The cause of severe hemorrhage was primary uterine atony in 22%, and secondary atony or hemorrhage following other complications such as lacerations, retained placenta or placental abruption in 50%. Most peripartum hysterectomies were caused by uterine rupture, abnormally invasive placenta or severe hemorrhage at delivery (89%), and the rest were caused by other complications such as severe maternal sepsis or lacerations. Table 2 presents the risk of severe maternal complications at the second delivery after a first cesarean compared with a first vaginal delivery. Adjusted for maternal age, BMI, and multiple pregnancy at the second pregnancy, women with a first cesarean delivery had an about six times increased risk of hysterectomy, abnormally invasive placenta and severe hemorrhage, and a 160 times increased risk of uterine rupture compared with women with a first vaginal delivery. According to the population attributable fractions, having a first cesarean delivery accounted for about one-third of the severe hemorrhages, about half of the abnormally invasive placentas and hysterectomies, and almost all of the complete uterine ruptures. The association between maternal age, BMI and multiple pregnancy and the risk of complications at the second pregnancy is presented in Supporting Information Table S2 . Stratification by intended mode of delivery did not change the RRs significantly, except for hysterectomy, where the association with maternal age disappeared [intended vaginal delivery (RR 1.7, 95% CI 0.7-3.8) and elective repeat cesarean (RR 2.6, 95% CI 0.8-8.4)], or for severe hemorrhage, where maternal age seemed to be associated with an increased risk after intended vaginal delivery (RR 1.7, 95% CI 1.0-2.8) (data not shown).
Stratified analyses by mode of first delivery and intended mode of second delivery showed that the risk of severe complications varied not only by mode of first delivery but also by intended mode of second delivery (Table 3) . Compared with women with a first vaginal and a second intended vaginal delivery, women with a second elective cesarean and all women with a first cesarean delivery had increased risks of hysterectomy and severe hemorrhage at delivery. The risk of uterine rupture was 250 times increased in women with an intended second vaginal delivery after a first cesarean, whereas women with elective repeat cesarean only showed a tendency to have an increased risk when compared with the women with an intended second vaginal and a first vaginal delivery; there was no association with intended mode of the second delivery in women with a first vaginal delivery (Table 3 ). In women with a first cesarean, a second intended vaginal delivery was associated with a 50 times increased risk of uterine rupture compared with elective repeat cesarean, but the risks of hysterectomy and severe hemorrhage were not associated with intended mode of delivery within the group of women with a first cesarean delivery (Table 3) . Table 4 presents the risk estimates associated with induction of labor in women with second intended second delivery, by mode of the first delivery. The risk of hysterectomy was not associated with induction of labor within the groups of women with a first cesarean or a first vaginal delivery. However, labor induction was associated with an increased risk of uterine rupture and Rates and numbers are based on cases from Denmark, Finland, and Norway: women with a first vaginal delivery and (i) a second intended vaginal delivery (n = 117 739) or (ii) a second elective cesarean delivery (n = 5254). A first cesarean delivery with (i) a second intended vaginal delivery (n = 17 584) or (ii) a second elective repeat cesarean delivery (n = 8063).
severe hemorrhage at delivery regardless of the mode of first delivery, although the risks were higher in women with a first cesarean than with a first vaginal delivery (Table 4) . Table 5 presents crude risk estimates of severe complications in the second pregnancy by a first elective vs. emergency cesarean delivery. Having a first elective cesarean was associated with a four times increased risk of Rates and numbers are based on cases from Denmark, Finland, and Norway: women with a first vaginal delivery and (i) a second intended vaginal delivery (n = 117 739) or (ii) a second elective cesarean delivery (n = 5254). A first cesarean delivery with (i) a second intended vaginal delivery (n = 17 584) or (ii) a second elective repeat cesarean delivery (n = 8063). abnormally invasive placenta, and a doubled risk of uterine rupture and severe hemorrhage at the second delivery, compared with a first emergency cesarean.
Discussion
Severe delivery complications occur in about 0.2% of all women in a second delivery and one-fifth have more than one complication. Having a first cesarean delivery is associated with an increased risk of uterine rupture, severe hemorrhage, abnormally invasive placenta and/or peripartum hysterectomy at the second delivery. However, the risk of complications varies by both mode of first delivery and intended mode of second delivery. In women with intended vaginal delivery, induction of labor increased the risks of uterine rupture and severe hemorrhage, with the highest risk in women with a first cesarean compared with a first vaginal delivery. Though the absolute risks of each of the studied complications at the second delivery in women with a first cesarean are low (<1%), between one-third and all complications were attributable to the first cesarean.
We estimate that about half of the severe complications in women with a first cesarean delivery could be avoided by elective repeat cesarean rather than an intended vaginal delivery and, in line with previous studies, we found that the risk of complications at the second delivery was associated with a first cesarean delivery (3, 7, (18) (19) (20) (21) (22) (23) (24) . However, the association between a first cesarean delivery, intended mode of delivery in the second pregnancy and the risk of complications is quite complex. We have only limited information on maternal characteristics and indications for cesarean delivery. These confounders may influence the risk estimates. We know that the population of women with a first cesarean differs from the population of women with a first vaginal delivery by age, BMI, proportion of multiple pregnancy, labor induction, intended and actual mode of delivery and gestational age. Likewise, maternal characteristics in women with second intended vaginal delivery differ from those in women with elective repeat cesarean. It is also likely that the population of women having a cesarean would more often include women with maternal morbidities that make them more susceptible to severe maternal complications. Finally, our definition of intended mode of second delivery in the control population was not perfect: all emergency cesareans were defined as intended vaginal deliveries, but some of these could be emergency cesareans after preterm contractions or rupture of membranes in women with a planned cesarean. This might mean that the risk estimates for intended vaginal delivery after cesarean could be slightly underestimated.
Although most studies address the risk of severe complications by emergency vs. elective cesarean in the index pregnancy, we only found one study examining the risk of complications in pregnancies following a first elective compared with a first emergency cesarean delivery (25) . That study supports our findings of increased risks of uterine rupture and hemorrhage in women with a first elective cesarean.
Uterine rupture is associated with abnormalities and thinning of the lower uterine segment, observed after previous cesarean deliveries (26) (27) (28) . One study showed a higher rate of abnormalities in the lower uterine segment after previous cesarean without labor (26) . Another study showed an increased thickness and strength of the lower uterine segment if the previous cesarean was performed in labor. In the study by Kok et al. (25) women with elective cesarean were older and more often had hypertensive diseases, fetal malpresentations (including breech), and placenta previa compared with the group with emergency cesarean. In the Nordic population a substantial part of first elective cesareans are indicated by breech presentation, without a trial of labor. This could explain some of the observed risk difference between a first elective and emergency cesarean section. Also, other differences between the populations may contribute to the risk difference. Finally, it is possible that the management of intended vaginal delivery in women with a first cesarean differs according to the indication for the first cesarean section, as women with a first cesarean due to breech are stressed a bit longer in the trial of labor than are women with a first emergency cesarean due to failed progression of labor. Our study confirmed the well-known risk of uterine rupture in women attempting vaginal delivery after previous cesarean, and that the risk increased after induction of labor (29, 30) . Similar to most other studies, we found that the risk of hysterectomy at the second delivery was not associated with intended mode of delivery in women with a first cesarean delivery (29, (31) (32) (33) . In contrast to our findings, a study from the Netherlands found an increased risk of hysterectomy after repeated cesarean. An explanation for this could be that the study included women with more than two deliveries and more than one previous cesarean delivery. Furthermore, women with abnormal placentation and uterine rupture were excluded from the analysis of intended mode of delivery, which may have resulted in fewer cases of hysterectomy in the elective repeat cesarean group. The trend of a higher risk of severe hemorrhage in our study is in line with statistically significant findings in other studies (29, 31, 34, 35) . The difference in significance could be due to different definitions of severe hemorrhage. In NOSS, severe hemorrhage was defined as massive transfusion with six or more units of whole blood, corresponding to a roughly estimated blood loss around 4000 mL, whereas the definition from most other studies included a less severe loss of blood, around 1000-1500 mL.
A major strength of our study is the large size and multicenter design with use of uniform definitions. Including 91% of the births in Denmark, Finland, Norway, and Sweden during the study period, the results should be generalizable to comparable birth cohorts. Further, the prospective data collection combined with comparison of national registers or local databases ensured an almost complete inclusion of cases. Limitations of the study are mainly related to the use of register-based controls, allowing us only to compare and adjust for variables included in the national registers. Also, we did not have detailed information on characteristics at the first delivery and the indications for the first cesarean. We were only able to adjust for maternal characteristics at the second delivery. Stratification by intended mode of second delivery, when studying the association between mode of first delivery and complications in the second delivery, can be problematic, since intended mode of second delivery may be an intermediate variable on the causal path (17) . However, although our estimates may be slightly biased, we cannot think of an unknown factor associated with both the intended mode of second delivery and the severe complications that would likely change our estimates by very much.
In conclusion, a first cesarean delivery is associated with a generally increased risk of severe complications at the second delivery compared with a first vaginal delivery, and there appears to be a higher risk of complications in women with a first elective cesarean than in those with a first emergency cesarean delivery. Regardless of mode of first delivery, induction of labor in a second delivery is associated with an increased risk of uterine rupture and severe hemorrhage. Based on the results of this investigation, we do not find that we are entitled to make a scientific recommendation on intended mode of delivery after a first cesarean; also, short-term complications should be considered. Provided a woman wants only two children, a repeat cesarean does not increase the risk of severe maternal complications.
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